INTRODUCTION
Emergency physicians are often the first physician contact for women with bleeding from first-trimester miscarriage, which is the most common gynecologic emergency; 1 in 4 women experiences miscarriage in her lifetime. 1, 2 Up to 31% of pregnancies end in miscarriage, contributing to the 1.6% (500,000) of emergency department (ED) visits in the United States annually that are prompted by vaginal bleeding in pregnancy. [3] [4] [5] [6] [7] Despite the emergency physician's role as a specialist in hemodynamic stabilization, scant emergency medicine literature addresses the management of patients with hemodynamically significant uterine bleeding in the ED. Manual uterine aspiration, a proven effective, expeditious, and simple technique for uterine evacuation, is a procedure that is routinely taught to obstetric and gynecology residents and midlevel providers, is commonly performed in nonoperative settings, and has classically been excluded from emergency medicine education. The integration of this procedure into the training curriculum of the emergency medicine resident and into the armamentarium of the practicing emergency physician could grant the emergency clinician a stabilizing and potentially lifesaving tool for patients presenting with hemodynamically compromising uterine bleeding from miscarriage.
The idea that emergency medicine residents and physicians should be trained in uterine aspiration for miscarriage is not a novel concept; it was first described in Annals of Emergency Medicine in 1982 and recently discussed in a June 2017 issue of the EM:RAP emergency medicine podcast series. 8, 9 We present a brief review of the emergency medicine literature on miscarriage, as well as an overview of the manual uterine aspiration procedure and its indications. We also suggest that emergency medicine residency training programs and attending physicians consider training in manual uterine aspiration, and we explore potential implications for the ED and health care system should ED providers adopt this procedure.
SIGNIFICANCE
First-trimester miscarriage accounts for approximately 80% of all miscarriages and is referred to as early pregnancy loss, defined as a lack of fetal cardiac activity or an empty gestational sac measuring less than 13 weeks of gestation. 5, 10 Women with vaginal bleeding as a result of early pregnancy loss often seek medical care in EDs owing to lack of prenatal care or occurrence of symptoms during nonbusiness hours. These cases routinely fall under the purview of standard emergency medicine care, in contrast to second-trimester cases, which are often transferred to a labor and delivery service on the patient's arrival at the hospital. Emergency physicians are currently trained to manage postpartum uterine bleeding with medications, fundal massage, and Bakri balloons. However, there is little training that focuses specifically on uterine hemorrhage for first-trimester pregnancy loss. 11 Expeditious treatment of uterine hemorrhage from early pregnancy loss in the ED may ultimately decrease complications for patients, such as blood transfusions, disseminated intravascular coagulation, endometritis, or other complications of delayed treatment. Additionally, because the incidence of early pregnancy loss increases with maternal age, and as the mean age of mothers giving birth in the United States continues to increase, emergency physicians should expect to care for increasing numbers of women with vaginal bleeding caused by miscarriage. 6, [12] [13] [14] 
CURRENT MISCARRIAGE MANAGEMENT
Patients with early pregnancy loss can be managed in a variety of ways. For hemodynamically stable patients, firsttrimester miscarriage can be treated nonsurgically with expectant management (ie, allowing the pregnancy to pass spontaneously), or by medical management with prostaglandin analogues, such as misoprostol (600 to 800 mg buccally, vaginally, rectally, or orally; may be repeated every 3 hours for up to 2 additional doses as needed), which induces uterine contraction and expulsion of products of conception. 1, 10, [15] [16] [17] [18] [19] Additional uterotonic medications include ergot derivatives, which cause uterine smooth muscle contraction, but single or multi-agents should be used cautiously with women with elevated blood pressures because they also have a-adrenergic effects and can cause hypertension:
1. 20 However, given that uterine hemorrhage in miscarriage normally stops once the uterus is emptied and subsequently contracts, using intravenous tranexamic acid as a sole treatment is likely insufficient. Vaginal packing is typically not effective in stopping a uterine source of hemorrhage.
These nonsurgical interventions have classically been the only options available for the emergency physician. Surgical management consists of either electrical vacuum aspiration of the uterus in an operating room or manual vacuum suction curettage and aspiration with a handheld aspirator at bedside (ie, manual uterine aspiration; aspirator shown in Figure 1 ). [21] [22] [23] [24] Increasingly, gynecologic management of early pregnancy loss, both in the ED and the outpatient clinical setting, has relied on bedside manual uterine aspiration instead of operating room dilation and curettage, as described in multiple articles. 18, 25, 26 A survey of family planning fellowships in the United States (unpublished data) found that currently, manual uterine aspiration is being increasingly adopted in EDs for management of inevitable and incomplete miscarriages. In rare hospitals, emergency physicians have routinely performed uterine aspiration, but in most locations gynecology consultants are the physicians performing this procedure in the ED.
18,27

EXISTING LITERATURE
The management of first-trimester miscarriage has been described in detail in both the ED and non-ED setting. 18, 25, 26 Prominent emergency medicine textbooks outline cursory steps for stabilization or treatment of hemodynamically unstable vaginal hemorrhage. 2, 3 The American College of Emergency Physicians' clinical policy on early pregnancy focuses primarily on recognition and treatment of ectopic pregnancy, but does not address stabilization of uterine hemorrhage from pregnancy loss.
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Data detailing the incidence of miscarrying patients presenting to the ED with emergency need for uterine aspiration or with sequelae from lack of expeditious definitive treatment, such as profound anemia or endometritis, have not been published, to our knowledge. However, existing literature has illustrated cases in which an emergency physician was the first medical provider responsible for stabilizing patients who presented to the ED with hemodynamic instability from first-trimester vaginal bleeding. For example, an EM:RAP emergency medicine podcast in June 2017 outlined the case of a patient with miscarriage who presented to a rural ED with hypotension and syncope, and required packed red blood cell transfusion, and the nearest obstetrician was 10 hours away by transport. 9 
INDICATIONS FOR MANUAL UTERINE ASPIRATION
Manual uterine aspiration is appropriate for treatment of early pregnancy loss or retained products of conception measuring up to 12 weeks gestational age. Although expectant management and medical management with misoprostol have shown to be acceptable alternatives to vacuum aspiration for treatment of routine miscarriage, cases with brisk uterine hemorrhage may necessitate prompt aspiration to obtain hemodynamic stability of the mother. 28 Vaginal bleeding from miscarriage is caused by either uterine atony after the miscarriage or retained products of conception within the uterus or cervix that prevent the uterus from contracting, clamping down, and tamponading bleeding. Hemorrhage can also be caused by partial extrusion of products of conception, in which some remain attached to the uterus. The American College of Obstetricians and Gynecologists recommends that women presenting with retained products of conception and hemorrhage or hemodynamic instability be treated with prompt surgical evacuation. 10 Surgical management is often preferable to expectant and medical management for patients with certain conditions, such as cardiovascular disease, bleeding disorders, severe anemia, or thrombocytopenia. 10 Prompt evacuation is also necessary for patients with septic abortion, defined as an infection of the uterus that may lead to sepsis after spontaneous or surgical abortion. 29 
DIAGNOSING FIRST-TRIMESTER PREGNANCY LOSS
Bedside ultrasonography can be used to date pregnancies and determine which patients have fetal demise versus a viable pregnancy. Emergency physicians can use ultrasonography to accurately determine gestational age of first-trimester pregnancies and therefore determine whether the products of conception are 12 weeks or less gestational size and amenable to a manual uterine aspiration procedure. 30 Given the high stakes of potentially misdiagnosing a viable pregnancy as nonviable and intervening with a procedure, it is feasible that some emergency physicians could hesitate to diagnose a miscarriage with a single ultrasonographic test. However, with a crown-to-rump length of greater than 7 mm and absence of fetal heart tones, or a mean sac diameter greater than 25 mm and no embryo, the nonviability of a first-trimester pregnancy can be determined with 100% specificity after a single pointof-care ultrasonographic study. 9. Many patients with incomplete or inevitable miscarriage will present with some degree of cervical dilation. Choose size of flexible cannula (Figure 2 ) according to gestational age (ie, cannula size in millimeters equal to the number of weeks gestational age of the fetus is appropriate, although for patient comfort you can first attempt to use a cannula 1 to 2 sizes down). If the cervix needs dilation, use graduated cervical dilators to dilate up to gestational size in millimeters (Figure 3 ). For example, for a pregnancy whose size correlates with 8 weeks gestational age, start with a cannula size 6 or 7 and dilate up to size 8, and use the size 8 cannula for the aspiration procedure. 10. Place gentle traction on tenaculum to straighten the cervix before dilation or cannula insertion, decreasing risk of uterine perforation.
11. Ensuring that the cannula remains sterile prior to touching the cervix, insert the cannula and advance it to the uterine fundus. Engage the vacuum by pulling out the plunger, attach the preset aspirator to the cannula, release the vacuum seal, and rotate the cannula several times at the fundus. Systematically move the cannula in and out, rotating 360 degrees. Aspiration should be complete when the uterine cavity feels uniformly "gritty" or mildly rough. One to 2 additional passes may be needed. 12. Send products of conception to pathology to confirm a failed intrauterine pregnancy, which in turn assists in excluding the diagnosis of ectopic pregnancy. This step can also exclude the possibility of molar pregnancy. 13. An option is to use real-time transabdominal ultrasonographic guidance to visualize the cannula entering the uterus and to guide the provider with respect to anatomy and confirm that the uterus is not being perforated. Post-procedural ultrasonography can confirm an empty uterus and successful procedure. 14. Administer Rh immunoglobulin if the patient is Rh negative. 15. Arrange to obtain a follow-up repeated b-human chorionic gonadotropin level if the patient never had ultrasonography confirming an intrauterine pregnancy. 16. Admit the patient to the hospital if her bleeding continues, endometritis is suspected, or she is otherwise unstable. 17. Depending on the analgesia or sedation used, observe the patient for at least 30 minutes after the procedure to ensure bleeding has stopped and hemostasis has been achieved before discharging her.
MANUAL UTERINE ASPIRATION CONSIDERATIONS Safety
In the outpatient setting, manual uterine aspiration complications range from 0% to 1.0%; the most common complication is uterine perforation. 22, 24, 33 The only study evaluating manual uterine aspirations performed in an ED was a small case series published as a letter to the editor, and had a procedural complication rate of zero with a limited study population (n¼9), with reasons for admission unrelated to the manual uterine aspiration procedure: anemia, pelvic pain, or endometritis on presentation. 18 Asherman's syndrome, or intrauterine scarring, is a rare complication of manual uterine aspiration and is more common with repeated procedures; 2 cases have been published from an isolated manual uterine aspiration procedure in women without prior uterine instrumentation. 34 In one larger study that included 191 cases of manual uterine aspiration, none of these patients developed intrauterine adhesions. 35 Manual uterine aspiration safety and time profiles are facilitated by lack of need for procedural sedation or general anesthesia; manual uterine aspiration is commonly performed with a paracervical block only, using local injection of lidocaine, or in combination with systemic oral or intravenous analgesics or anxiolytics, which is a proven acceptable alternative analgesic for patients undergoing outpatient procedures. 18, 22, 24, 27, 32 Time
Mean procedural duration for manual uterine aspiration is 10 minutes for women treated in outpatient offices compared with 19 minutes in an operating room. 36 The previously referenced limited case series has, to our knowledge, been the only study examining post-procedure recovery time in the ED, which showed average time from procedure to ED discharge of approximately 1 hour, 5 minutes. 18 Circumventing the need for an operating room, uterine aspiration at bedside can facilitate ED throughput, avoid delays in consultant arrival or operating room schedule accommodation of add-on cases, and prevent hospital admissions. 18, 25, 37 Cost
Compared with operating room dilation and curettage, outpatient office manual uterine aspiration procedures cost less than half ($1,965.00 versus $968.00, respectively), with ED manual uterine aspiration equipment requirements identical to that of office-based manual uterine aspirations. 36, 38 The multiuse and autoclavable Ipas vacuum aspirator (Figure 1 ) (PAHSCO Pacific Hospital Supply Company Ltd.) costs $65.00, with cannulae ranging from $8.00 to $11.50 each (Figure 2) . A prepackaged, single-use, disposable aspirator kit that includes a series of dilators is also available and costs approximately $125.00.
Training
Manual aspiration has successfully been taught to different provider types at different levels of training, including nurse practitioners, physician assistants, residents, and practicing physicians. 39, 40 The current emergency medicine residency program at Highland Hospital in Oakland, CA, allows residents who are interested in learning manual uterine aspiration the opportunity to voluntarily perform aspirations in the procedures clinic during their labor and delivery rotation, where they are trained and proctored by the hospital's obstetrics and gynecology attending physicians. These residents are then able to perform manual uterine aspiration procedures in the ED when indicated, and the procedures are proctored by the obstetrics and gynecology attending physician on call.
Manual uterine aspiration training also affords emergency physician providers experience with intracervical and paracervical regional nerve blockade, which can be useful for decreasing cervical pain from cervical dilation, cervical laceration repair, and other potentially painful conditions of the cervix.
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CONCLUSION
Effective and comprehensive miscarriage management is an important skill for all emergency medicine providers, and its relevance will likely grow because the number of women with vaginal bleeding caused by miscarriage is anticipated to increase. Manual uterine aspiration is a simple, safe, efficacious way to treat uterine hemorrhage from miscarriage or retained products of conception. It requires little medication or equipment and has the potential to improve ED throughput times and reduce hospital admissions, as well as health care costs.
Emergency physicians are specialists in hemodynamic stabilization. However, emergency medicine training has not traditionally included instruction on manual uterine aspiration. As a tool for controlling uterine hemorrhage, training in manual uterine aspiration could be particularly valuable to emergency physicians working in hospitals without 24-hour in-house gynecologic consultants and in rural or resource-poor settings where there may be long delays for consultative evaluation. As such, emergency physicians should consider adopting this skill into their practice, after a trial of training and real-time performance that evaluates procedure length and safety of emergency physician-performed manual uterine aspiration procedures.
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